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CONDUCTIVE FILLER, METHOD FOR
PRODUCING SAME, CONDUCTIVE PASTE
AND METHOD FOR PRODUCING
CONDUCTIVE PASTE

TECHNICAL FIELD

[0001] The present invention relates to a conductive paste
such as an electrically conductive (electroconductive) paste
or a thermally conductive paste and a method for producing
the same. In addition, the present invention relates to a con-
ductive filler for forming the above conductive paste, and a
method for producing the same.

BACKGROUND ART

[0002] Various conductive pastes comprising copper pow-
ders and binder resins are known. Examples of such conduc-
tive pastes include electroconductive pastes used as circuits
and electroconductive adhesives, and thermally conductive
pastes.

[0003] But, copper oxidizes easily, and when an electro-
conductive paste in which a copper powder is used as a filler
is applied, and heated and cured in the air, an oxide film of
copper is easily produced by reaction with oxygen. A problem
is that because of the influence of the oxide film, the electrical
resistance increases.

[0004] On the other hand, conventionally, a variety of com-
posite materials obtained by mixing, in addition to a metal
powder such as a copper powder and a binder resin, carbon
fibers exhibiting high electroconductivity are also proposed.
[0005] However, in the materials comprising carbon fibers,
the carbon fibers tend to aggregate when the carbon fibers are
dispersed and in coating.

[0006] The following Patent Literature 1 discloses a
method of placing a metal catalyst on a metal surface and
producing carbon nanotubes with the metal catalyst. The
carbon nanotubes are connected to the metal surface, and
therefore the aggregation of the carbon nanotubes is less
likely to occur.

CITATION LIST

Patent Literature

[0007] Patent Literature 1: Japanese Patent Laid-Open No.
2008-74647
SUMMARY OF INVENTION
Technical Problem
[0008] The method described in Patent Literature 1 only

produces carbon nanotubes on a metal substrate. In other
words, conventionally, it is difficult to uniformly disperse a
carbon material such as carbon nanotubes or carbon fibers in
a composition comprising a metal powder and a binder resin,
such as an electroconductive paste or a thermally conductive
paste. Therefore, it is difficult to exhibit high electroconduc-
tivity or high thermal conductivity.

[0009] It is an object of the present invention to provide a
conductive paste in which electroconductivity or thermal
conductivity can be effectively increased and a method for
producing the same. In addition, it is an object of the present
invention to provide a conductive filler for forming the above
conductive paste, and a method for producing the same.
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Solution to Problem

[0010] A conductive filler according to the present inven-
tion is composite particles comprising a copper alloy powder
comprising at least one transition metal belonging to group 8
to group 10 of the periodic table, and a carbon allotrope
covering a surface of the copper alloy powder. The above
carbon allotrope may grow from the transition metal belong-
ing to group 8 to group 10 of the periodic table in the above
copper alloy powder.

[0011] In the conductive filler according to the present
invention, preferably, the above copper alloy powder is flaky.
In this case, the above composite particles are composite flake
particles in which the carbon allotrope covers the surface of
the copper alloy powder.

[0012] In the conductive filler according to the present
invention, preferably, a content of the transition metal in the
above copper alloy powder is 0.3 to 6.0% by weight based on
100% by weight of the above copper alloy powder.

[0013] In the conductive filler according to the present
invention, preferably, as the above transition metal, iron or
cobalt is used. More preferably, cobalt is used.

[0014] In the conductive filler according to the present
invention, preferably, the above carbon allotrope adheres to
the surface of the copper alloy powder in a range of greater
than 0% by weight and 3% by weight or less based on 100%
by weight of the copper alloy powder.

[0015] In the conductive filler according to the present
invention, the carbon allotrope is preferably a carbon nanofi-
ber, and in this case, it is desired that one end of the carbon
nanofiber is bonded to the above copper alloy powder.
[0016] A conductive paste according to the present inven-
tion comprises the conductive filler according to the present
invention and a binder resin.

[0017] In the conductive paste according to the present
invention, as the above binder resin, preferably at least one
resin selected from a group consisting of an epoxy resin, a
polyester resin, a urethane resin, a phenolic resin, and an
imide resin is used.

[0018] More preferably, it is desired that 10 to 35 parts by
mass of the above binder resin are contained based on 100
parts by mass of the above conductive filler.

[0019] The conductive paste of the present invention may
be an electrically conductive paste, that is, an electroconduc-
tive paste, or a thermally conductive paste.

[0020] A method for producing a conductive filler accord-
ing to the present invention comprises steps of providing a
copper alloy powder comprising at least one transition metal
belonging to group 8 to group 10 of the periodic table; and
contacting a carbon source with a surface of the copper alloy
powder to obtain a conductive filler.

[0021] In aparticular aspect of the method for producing a
conductive filler according to the present invention, the step
of'providing a copper alloy powder is performed by an atomi-
zation method.

[0022] In another particular aspect of the method for pro-
ducing a conductive filler according to the present invention,
the step of contacting a carbon source with a surface of the
above copper alloy powder to obtain a conductive filler is a
step of performing treatments in order of CVD treatment,
flaking treatment, and re-CVD treatment to obtain a conduc-
tive filler. Carbon fibers are produced at 400° C. to 750° C.
[0023] In another particular aspect of the method for pro-
ducing a conductive filler according to the present invention,
the step of contacting a carbon source with a surface of the
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above copper alloy powder to obtain a conductive filler is a
step of performing treatments in order of CVD treatment and
heat treatment to obtain a conductive filler.

[0024] In still another particular aspect of the method for
producing a conductive filler according to the present inven-
tion, the above heat treatment is performed under an inert gas
atmosphere under a temperature atmosphere of 750° C. to
1000° C.

[0025] In still another particular aspect of the method for
producing a conductive filler according to the present inven-
tion, the step of contacting a carbon source with a surface of
the above copper alloy powder to obtain a conductive filler is
a step of contacting the copper alloy powder with a carbon-
containing gas at 300° C. to 400° C.

[0026] In still another particular aspect of the method for
producing a conductive filler according to the present inven-
tion, the method further comprises a step of adding and mix-
ing a sintering inhibitor before the step of contacting a carbon
source with a surface of the copper alloy powder to obtain a
conductive filler.

[0027] A method for producing a conductive paste accord-
ing to the present invention comprises steps of producing a
conductive filler according to the method for producing a
conductive filler according to the present invention; and mix-
ing the above conductive filler and a binder resin and then
kneading an obtained mixture to obtain a conductive paste.

Advantageous Effects of Invention

[0028] In the conductive filler and the conductive paste
according to the present invention, the surface of the copper
alloy powder is covered with the carbon allotrope, and there-
fore a conductive filler and a conductive paste exhibiting high
electroconductivity and high thermal conductivity can be pro-
vided.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 is a diagram showing a heat profile as one
example of a method for producing composite particles.
[0030] FIG. 2 is a diagram showing the heat profile of
re-CVD treatment.

[0031] FIG. 3 is a diagram showing the specific resistance
of electroconductive pastes provided in Examples and pastes
comprising a variety of materials.

[0032] FIG. 4is adiagram showing an electron micrograph
of composite particles provided in Example 1 at 8000x mag-
nification.

[0033] FIG.5isadiagram showing an electron micrograph
of composite particles provided in Example 2 at 4000x mag-
nification.

[0034] FIG. 6 is a diagram showing an electron micrograph
of the composite particles provided in Example 2 at 20000x
magnification.

[0035] FIG.7is adiagram showing an electron micrograph
of composite particles provided in Example 3 at 8000x mag-
nification.

[0036] FIG. 8isadiagram showing an electron micrograph
of composite particles provided in Example 4 at 20000x
magnification.
[0037] FIG.9isadiagram showing an electron micrograph
of composite particles provided in Example 5 at 20000x
magnification.
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[0038] FIG. 10 is a diagram showing an electron micro-
graph of composite particles provided in Example 6 at 8000x
magnification.

[0039] FIG. 11 is a diagram showing a heat profile when a
heat treatment step is provided after a CVD step.

[0040] FIG. 12 is a diagram showing an electron micro-
graph of composite particles provided in Example 11 at
20000x magnification.

[0041] FIG. 13 is a diagram showing an electron micro-
graph of the composite particles provided in Example 11 at
2000x magnification.

[0042] FIG. 14 is a diagram showing the specific resistance
of electroconductive pastes provided in Examples and pastes
comprising a variety of materials under conditions without
compression.

DESCRIPTION OF EMBODIMENTS

[0043] The details of the present invention will be
described below.

[0044] 1. Conductive Filler
[0045] 1-1. Copper Alloy Powder
[0046] A conductive filler according to the present inven-

tion is a filling material comprising composite particles com-
prising a copper alloy powder comprising at least one transi-
tion metal belonging to group 8 to group 10 of the periodic
table, and a carbon allotrope covering the surface of the
copper alloy powder. The composite particles may be com-
posite flake particles in which the above copper alloy powder
that is flaky is covered with the carbon allotrope. A conductive
paste according to the present invention comprises the above
conductive filler and a binder resin.

[0047] As used herein, the phrase “the carbon allotrope
covers the surface of the copper alloy powder” is used in a
meaning including not only a case where the fact that the
carbon allotrope completely covers the surface of the copper
alloy powder can be observed by a scanning electron micro-
scope, but also a case where the fact that the carbon allotrope
only partially covers the surface of the copper alloy powder
can be confirmed by a scanning electron microscope, but
actually the carbon allotrope covers the surface of the copper
alloy powder at the nanoscale. The fact that the carbon allo-
trope covers the surface of the copper alloy powder at the
nanoscale can be confirmed by an Auger electron spectrom-
eter.

[0048] The above transition metal belonging to group 8 to
group 10 of the periodic table is not particularly limited.
Preferred examples of the transition metal include iron,
nickel, cobalt, or palladium. Among them, because of high
catalytic activity, iron, nickel, or cobalt is desired, and iron or
cobalt is more preferred. Cobalt is further preferred. How-
ever, a plurality of transition metals may be used in combi-
nation.

[0049] The above copper alloy powder is obtained, for
example, by pulverization by an atomization method. The
average particle diameter of this copper alloy powder is not
particularly limited but is preferably 0.1 um to 50 um, more
preferably 0.1 pm to 20 pm, and further preferably 0.1 um to
5 pm.

[0050] When the average particle diameter of the copper
alloy powder is in the above preferred range, a conductive
paste having excellent electrical conductivity and thermal
conductivity can be more reliably provided according to the
present invention.
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[0051] Theabovecopper alloy powder may be spherical but
desirably has a flake shape having an aspect ratio of greater
than 1. Therefore, after atomization, the copper alloy powder
is preferably subjected to flattening treatment by ball mill
treatment, treatment in which a cold spray method or an
aerosol deposition method is applied to powder processing, or
the like. When the copper alloy powder is processed into a
flake shape by a ball mill or the like, it is preferred that a flake
powder having a long side of 5 to 50 um is mixed. These flake
powders are also obtained by subjecting atomized powders of
about 1 to 5 pm to ball mill treatment.

[0052] In addition, the copper alloy powder is desirably
cleaned with an etchant or the like before the carbon allotrope
is adhered to the surface by CVD treatment described later.
[0053] In the above copper alloy powder, the total content
of the above transition metal is preferably 0.1 to 10.0% by
weight, more preferably 0.3 to 6.0% by weight, and further
preferably 0.3 to 1.0% by weight in 100% by weight of the
copper alloy powder. When the content of the transition metal
is in the above range, a conductive filler and a conductive
paste having excellent electrical conductivity and thermal
conductivity can be much more reliably provided according
to the present invention.

[0054] 1-2. CVD Treatment of Copper Alloy Powder

(Production of Carbon Allotrope)

[0055] The conductive filler according to the present inven-
tion is composite particles in which a carbon allotrope is
adhered to a copper alloy powder so as to cover the surface of
the above copper alloy powder. Such composite particles can
be formed by a CVD method in which a carbon source is
contacted with a copper alloy powder surface at 400° C. to
750° C. In other words, a carbon allotrope is desirably pro-
duced on a copper alloy powder surface by the CVD method.

[0056] Examples ofthe above carbon allotrope include one
ortwo or more graphene laminates and carbon nanofibers. As
the above carbon nanofibers, carbon nanofibers having a
small fiber diameter are more preferred. The carbon nanofi-
bers refer to carbon fibers having a fiber diameter of about 5
to 500 nm.

[0057] Itis desired to have a sea urchin-like shape in which
one ends of a large number of carbon nanofibers are bonded to
the above copper alloy powder surface. Composite particles
having such a sea urchin-like shape are referred to as spiny
particles. In the case of the spiny particle shape, high carbon
nanofiber density is much more desired. In the case of the
composite particles having the above spiny particle shape,
surprisingly, it has been confirmed that when neighboring
composite particles are contacted with each other, the elec-
troconductivity is much higher than when copper alloy par-
ticles themselves are in contact with each other. In other
words, when the composite particles having the above spiny
particle shape are contacted with each other, the electrocon-
ductivity is much higher than the respective electroconduc-
tivity of the copper alloy and the carbon nanofibers constitut-
ing the composite particles. This is considered to be due to the
following reason. When the composite particles contact each
other, the carbon nanofibers constituting the spines of the
spiny particles are entangled with each other between neigh-
boring composite particles. Therefore, it is considered that
the number of contact points increases, the contact resistance
decreases, and the electroconductivity is dramatically
increased.
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[0058] In addition, it has been confirmed that the above
carbon nanofibers have an sp2 structure and have electrocon-
ductivity, but whether the above carbon nanofibers exhibit
very high electroconductivity like SWCNTs has not been
confirmed. It is considered that in the conductive filler that is
composite particles according to the present invention, when
the electroconductivity is lower than the electroconductivity
of CNT carbon nanoparticles in the length direction, it is
preferred that shorter fibers are formed on the copper alloy
powder surface. Also in this case, the carbon nanofibers are
entangled with each other between neighboring composite
particles, and the electroconductivity can be effectively
increased.

[0059] Therefore, in the present invention, when the par-
ticle diameter of the copper alloy powder is about 0.1 umto 50
um, it is desired that the length of the carbon nanofibers is
preferably about 0.01 pm to 5.0 pm, more preferably about
0.01 pm to 0.2 um. Thus, by the entanglement of the carbon
nanofibers with each other between neighboring composite
particles, the contact resistance can be effectively decreased.

[0060] In addition, according to the results of observation
by a high resolution transmission electron microscope and an
Auger electron spectrometer, it has been confirmed that com-
pounds such as the carbon allotrope and cobalt oxide adhere
to the surface of the copper alloy powder. Therefore, it is also
considered that the electroconductivity is increased by the
influence of these.

[0061] Therefore, in the present invention, the amount of
the carbon allotrope adhering to the copper alloy powder is
also desirably in a certain range because the above carbon
allotrope is used in order to reduce the contact resistance
between copper particles though inferior in conductivity to
coppet.

[0062] The amount of the carbon allotrope adhering to the
copper alloy powder in the present invention is not particu-
larly limited but is preferably greater than 0% by weight and
4.0% by weight or less, more preferably greater than 0% by
weight and 3.0% by weight or less, further preferably greater
than 0% by weight and 1.5% by weight or less, and most
preferably greater than 0% by weight and 1.0% by weight or
less based on 100% by weight of the copper alloy powder
because when the amount of the carbon allotrope adhering to
the copper alloy powder is too large, the carbon allotrope
inferior in conductivity to the copper alloy particles may
decrease the conductivity.

[0063] As the carbon source used to produce the above
carbon fibers on the copper alloy powder surface, various
carbon materials can be used. For example, carbon-contain-
ing compounds having 1 to 30, preferably 1 to 7, more pref-
erably 1 to 4, and further preferably 1 or 2 carbon atoms can
be used. Examples of such compounds can include carbon
monoxide, a hydrocarbon, or an alcohol. As the above hydro-
carbon, a saturated hydrocarbon such as methane, ethane, or
propane or an unsaturated hydrocarbon such as ethylene or
acetylene can be appropriately used. Also for the above alco-
hol, methanol, ethanol, or the like can be appropriately used.
Among them, a hydrocarbon such as ethylene is preferably
used because carbon fibers are easily produced from a cata-
lyst at low temperature.

[0064] Further, the above carbon sourceis desirably a mate-
rial that is a gas at a high temperature of about 300° C. or
more. Thus, it is easy to produce carbon fibers in a gas phase
reaction.
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[0065] The size of the above composite particles may be
appropriately adjusted depending on the application method
and use of the target conductive paste. For example, in an
electroconductive paste used for an electroconductive adhe-
sive or the like, the particle diameter of the composite par-
ticles is desirably about 1 um to 50 pm.

[0066] On the other hand, when a paste is printed by stencil
or the like, the average particle diameter of the composite
particles is desirably 20 pum or less. Further, in a conductive
paste used for screen printing, the average particle diameter of
the composite particles is desirably about 0.5 um to 10 pm.
When flaky particles are mixed, the flaky particles are desir-
ably about 1 pm to 50 pm.

[0067] In this manner, the average particle diameter of the
above composite particles in the present invention may be
appropriately selected according to the purpose of use, the
application method, and the like.

[0068] In the production of the above conductive filler that
is composite particles, after the step of providing a copper
alloy powder comprising at least one transition metal belong-
ing to group 8 to group 10 of the periodic table, a carbon
source may be contacted with the copper alloy powder sur-
face by the CVD method. Preferably, the above copper alloy
powder is obtained by the atomization method as described
above. Therefore, a copper alloy powder with small variations
in average particle diameter can be obtained.

[0069] It is desired that the copper alloy powder is, for
example, heat-treated in an oxidation-preventing atmosphere
at 400 to 800° C. for several minutes to several thousand
minutes, in order to be brought into a state in which catalyst
nanoparticles are precipitated and dispersed in the copper
alloy particles and on their surfaces (catalyst precipitation
step). In order to prevent the aggregation of the powder in the
CVD treatment, an apparatus in which the powder flows and
is uniformly treated like a rotary kiln (rotary furnace) is
desired.

[0070] Inaddition, in orderto prevent the aggregation of the
powder in the CVD treatment, smaller fine particles are desir-
ably added to the copper alloy powder as a sintering inhibitor
prior to step 1-A described later. Examples of such particles
include AEROSIL, carbon black, and ketjen black. The
amount of the particles added is desirably 0.05 to 2.0% by
weight based on the copper alloy powder. The amount of the
particles added is more preferably 0.1% by weight to 1.0% by
weight.

[0071] A heat profile as one example of a method for pro-
ducing a conductive filler that is composite particles accord-
ing to the present invention is shown in FIG. 1. In the figure,
treatment is performed under an ethylene gas atmosphere in
the shaded portions and under a nitrogen gas atmosphere for
other portions. Step 1-A shown in FIG. 1 comprises the step
of contacting a copper powder with ethylene gas at 300 to
400° C. (aggregation prevention step). In step 1-B, the copper
powder is held in an inert gas maintaining at 400 to 650° C. to
precipitate a nanocatalyst in the copper powder and on the
copper powder surface (catalyst precipitation step). In step
1-C, a carbon allotrope is produced from the nanocatalyst
(carbon production step).

[0072] By contacting the copper powder with ethylene gas
at low temperature (300 to 400° C.) in step 1-A, the aggrega-
tion of the powder (sintering due to placing the copper powder
at high temperature for a long time) in step 1-B can be pre-
vented. In addition, also by adding AEROSIL, a nanoscaled
powder, mixing it, and kneading it as required and using it as
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aspacer as the pretreatment of step 1-A, the aggregation of the
copper alloy powder at high temperature can be prevented.
The dispersibility of the above AEROSIL is good, and the
addition of the AEROSIL does not affect the electroconduc-
tivity of the conductive paste.

[0073] As the method for improving aggregation, it is pos-
sible to disperse (a jet mill, a ball mill, or the like) the powder
after the catalyst precipitation step (step 1-B) and separately
perform the carbon production step (step 1-C) in the follow-
ing step. In addition, it is possible to process the powder into
a flake shape by a ball mill or the like after steps 1-A to 1-C
and separately perform a carbon production step (step 2-A
shown in FIG. 2) in the following step. In this manner, it is
also possible to perform treatment in the order of CVD treat-
ment, flaking treatment, and re-CVD treatment to obtain
composite flake particles.

[0074] The preceding step of washing the copper alloy
powder with a nital solution (3% by weight nitric acid/ethanol
solution) or the like, then further washing it using ethanol, and
dryingitis desirably provided before the CVD treatment (step
1-0).

[0075] Inthe present invention, as shown in FIG. 11, a heat
treatment step (step 3-A) can be provided in an inert gas
atmosphere after steps 1-A to 1-C. When the above step 3-A
is provided, because of improvement in the electroconductiv-
ity of the carbon allotrope due to good crystallinity of the
carbon allotrope, high concentration of the catalyst on the
copper alloy particle surfaces due to further growth of the
nanocatalyst to which the carbon allotrope adheres, and the
like, the electroconductivity when the obtained composite
particles are kneaded with a binder resin to form a paste can
be much more increased, which is preferred.

[0076] The above inert gas is not particularly limited, but
nitrogen gas or argon gas is preferably used.

[0077] The above heat treatment step (step 3-A) is prefer-
ably performed at a higher temperature than in steps 1-A to
1-C. The range of 750° C. to 1000° C. is more preferred. The
above step 3-A may be performed separately from steps 1-A
to 1-C.

[0078] 2. Pasting Process
[0079] 2-1. Binder Resin
[0080] The conductive paste according to the present inven-

tion is obtained by mixing a conductive filler that is composite
particles obtained as described above and a binder resin and
then kneading the obtained mixture. The binder resin is not
particularly limited, and appropriate binder resins conven-
tionally used in electroconductive pastes and thermally con-
ductive pastes can be used. As such resins, at least one
selected from the group consisting of epoxy resins, polyester
resins, urethane resins, phenolic resins, and imide resins can
be preferably used. When these resins and solvents are used,
thermosetting and thermally drying pastes can be provided.
However, the above binder resin may be appropriately
selected according to the purpose of utilization such as an
electroconductive paste or a thermally conductive paste.
[0081] As the binder resin used in the electroconductive
paste, polyester resins, acrylic resins, butyral resins, and the
like can be used. Thermoplastic resins such as thermoplastic
polyimides can also be used. However, in order to ensure heat
resistance, thermosetting resins are desirably used.

[0082] In other words, various epoxy resins, polyester res-
ins, urethane resins, phenolic resins, thermosetting polyim-
ides, and the like can be used as thermosetting resins, and a
curing agent may be contained.
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[0083] When a thermoplastic resin is used, a curing agent
for curing the thermoplastic resin may be contained in the
conductive paste. Examples of such a curing agent can
include amine-based epoxy curing agents, acid anhydride-
based epoxy curing agents, isocyanate-based curing agents,
and imidazole-based curing agents. These resins may com-
prise a solvent.

[0084] The blending ratio of the above binder resin is not
particularly limited, but 10 to 35 parts by mass of the binder
resin are preferably contained based on 100 parts by mass of
the above composite particles.

[0085] When athermosetting resin or a thermoplastic resin
is used, for the amount of each of these resins added, 10 to 35
parts by mass of each of these resins are desirably contained
based on 100 parts by mass of the composite particles in terms
of'a weight ratio after the paste is dried or cured. 10to 20 parts
by mass of the above thermosetting resin or thermoplastic
resin are more preferably contained based on 100 parts by
mass of the composite particles.

[0086] Only one of the above binder resin may be used, or
two or more of the above binder resins may be used in com-
bination.

[0087] In the present invention, an inorganic filler other
than carbon materials, such as silica or calcium carbonate,
may be added to the above conductive paste in order to adjust
thixotropy. Further, various coupling agents may be added in
order to increase adhesiveness. The method for producing the
above conductive paste is not particularly limited, and in
addition to the above composite particles and the binder resin,
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[0091] The conductive paste of the present invention can be
preferably used as various electrically conductive pastes, that
is, electroconductive pastes, used for electroconductive adhe-
sives and for the formation of electroconductive patterns and
the like. Alternatively, since the above composite particles
comprise a copper alloy powder and a carbon allotrope, the
conductive paste of the present invention has excellent ther-
mal conductivity and therefore can also be preferably used as
thermally conductive pastes.

[0092] The conductive paste according to the present inven-
tion comprises the above conductive filler that is composite
particles in which a carbon allotrope covers the surface of a
copper alloy powder comprising a particular transition metal,
and a binder resin and therefore exhibits excellent electrical
conductivity and thermal conductivity. Particularly, when the
carbon allotrope is carbon nanofibers, the carbon nanofibers
are entangled with each other between neighboring compos-
ite particles, and the contact resistance decreases signifi-
cantly. Therefore, the electrical conductivity can be higher
than the original copper alloy powder.

[0093] Next, the effect of the present invention will be
clarified by giving specific Examples of the present invention.
[0094] (1) Production of Copper Alloy Powders

[0095] A copper alloy powder was produced by a high
pressure water atomization method and classified into a cop-
per alloy powder having an average particle diameter of 3 pm
by an air classifier.

[0096] Specifically, copper alloy powders A to F shown in
the following Table 1 were provided. The following Table 1
shows the alloy components and average particle diameters of
the copper alloy powders A to F.

TABLE 1
Particle

Alloy components (at %) __Alloy components (% by weight) diameter

Copper Iron Cobalt  Copper Iron Cobalt pm
Copper alloy powder A 98.0% 1.0% 1.0% 98.19% 0.88% 0.93% 3
Copper alloy powder B 96.0% 2.4% 1.6% 96.39% 2.12% 1.49% 3
Copper alloy powder C 96.0% 4.0% 0.0% 96.47% 3.53% 0.0% 3
Copper alloy powder D 99.4% 0.3% 0.3% 99.46% 0.26% 0.28% 3
Copper alloy powder E 98.9% 0.0% 1.1% 99.00% 0.0% 1.00% 3
Copper alloy powder F 96.0% 0.0% 4.0% 96.27% 0.00% 3.73% 3

[0097] (2) CVD Treatment of Copper Alloy Powders

the above additives and other additives such as a solvent and
a reducing agent may be mixed as required, by an appropriate
method.

[0088] 2-2. Mixing and Kneading Method

[0089] Also for this mixing method, the conductive filler, a
resin, and other additives can be mixed, and then kneaded
using a dissolver or a triple roll mill. When a triple roll mill is
used, kneading is desirably performed by setting the gap
between the rolls larger than the primary particle diameter of
the filler. Thus, a more uniform conductive paste can be
obtained.

[0090] Inkneading, the fibrous carbon allotrope may break
and shorten. In addition, a small amount of the carbon allot-
rope may adhere to the nano precipitated particles belonging
to group 8 to group 10 of the periodic table in a shorter state.
This is because for the contact between the composite par-
ticles, conductive contact is made in the portion of the carbon
allotrope in the shortened state, and therefore the adverse
effect of'the oxidation of copper such as when the copper is in
direct contact can be prevented.

[0098] Composite particles were made by the following
procedure using any of the copper alloy powders A to F
obtained as described above. In other words, 6 g of the copper
alloy powder was introduced into a cylindrical quartz cell
having an inner diameter of 26 mm and a length of 120 mm,
and in a rotary kiln using a rotary cylindrical quartz tube
having an inner diameter of 32 mm and a length of 700 mm,
ethylene as a carbon source was contacted with the copper
alloy powder to produce carbon nanofibers as a carbon allo-
trope on the copper alloy powder surface. In this manner,
spiny particles that are composite particles having a sea
urchin-like shape in which carbon fibers are produced from
the copper alloy powder are made. The production conditions
of'the composite particles are shown in the following Table 2
and Table 3. In Table 3 and Table 5 described later, composite
particles 11 are redundantly described in order to make com-
parison with other composite particles easy, but the compo-
sition and making conditions of the composite particles 11 are
not changed.
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Step 1-A

Temperature increase

Step 1-B
Temperature increase followed by

Step 1-C

Holding at

Temperature holding at constant temperature constant temperature
Composite Copper alloy — Temperature increase time Gas Temperature Holding time Gas Temperature Holding time
particles  powder (°C) (min) (50 cc) °C) (min) (50 cc) °C) (min)
Composite Copper alloy RT—=350 10 Ethylene 350—=450 30 Nitrogen 550 3
particles 2 powder A
Composite Copper alloy RT—=350 10 Ethylene 350—=450 30 Nitrogen 550 2
particles 3 powder A
Composite Copper alloy RT—=350 10 Ethylene 350—=450 30 Nitrogen 550 3
particles 4 powder B
Composite Copper alloy RT—=350 10 Ethylene 350—=450 30 Nitrogen 550 3
particles 5 powder C
Composite Copper alloy RT—=350 10 Ethylene 350—=450 30 Nitrogen 550 3
particles 6 powder D
Composite Copper alloy RT—=350 10 Ethylene 350—=450 30 Nitrogen 550 3
particles 7 powder E
Step 1-C
Holding at Cooling
constant temperature Temperature
Amount of decrease Step 2-A

Composite gas Gas Flaking  Temperature Time Gas

particles (50 cc) (50 cc) Ball mill °C) (min) (50 cc) FIG.

Composite Ethylene Nitrogen — — — — FIG. 4

particles 2

Composite Ethylene Nitrogen Flaking 550 2 Ethylene FIGS.

particles 3 5and 6

Composite Ethylene Nitrogen — — — — FIG. 7

particles 4

Composite Ethylene Nitrogen — — — — FIG. 8

particles 5

Composite Ethylene Nitrogen — — — — FIG.9

particles 6

Composite Ethylene Nitrogen — — — — FIG. 10

particles 7

TABLE 3
Step 1-A Step 1-B Step 1-C
Temperature increase Temperature increase followed by Holding at
Temperature holding at constant temperature constant temperature

Composite ~ Copper alloy Temp.  increase time Gas Temp.  Holding time Gas Temp.
particles powder Amount of AEROSIL °C) (min) (50 cc) (°C) (min) (50 cc) (°C)
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 11 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 12 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 13 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 14 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 15 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 11 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 22 powder F
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—450 30 Nitrogen 550
particles 23 powder C
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—450 30 Nitrogen 550
particles 24 powder A
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 11 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 32 powder E
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TABLE 3-continued
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 33 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 34 powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 35  powder E
Composite ~ Copper alloy 0.25% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 11 powder E
Composite ~ Copper alloy 1% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 42 powder E
Composite ~ Copper alloy 0.1% by weight RT—350 10 Ethylene 350—475 30 Nitrogen 475
particles 43 powder E
Step 1-C Cooling
Holding at Temp.
constant temperature Step 3-A decrease
Composite Holding time Gas Temp. Time Gas Gas Amount of
particles (min) (50 cc) (°C.) (min) (50 cc) (50 cc) FIG. adhering carbon
Composite 2 Ethylene 925 30  Nitrogen Nitrogen FIG.12 0.7% by weight
particles 11
Composite 1 Ethylene 925 30 Nitrogen  Nitrogen — 0.3% by weight
particles 12
Composite 4 Ethylene 925 30 Nitrogen  Nitrogen — 1.5% by weight
particles 13
Composite 8 Ethylene 925 30 Nitrogen  Nitrogen — 3.3% by weight
particles 14
Composite 0.25 Ethylene 775 30 Nitrogen  Nitrogen — 0.1% by weight
particles 15 or less
Composite 2 Ethylene 925 30  Nitrogen Nitrogen FIG.12 0.7% by weight
particles 11
Composite 2 Ethylene 925 30 Nitrogen  Nitrogen — —
particles 22
Composite 3 Ethylene 925 30 Nitrogen  Nitrogen —
particles 23
Composite 3 Ethylene 875 30 Nitrogen  Nitrogen
particles 24
Composite 2 Ethylene 925 30  Nitrogen Nitrogen FIG.12 0.7% by weight
particles 11
Composite 2 Ethylene 725 30 Nitrogen  Nitrogen — —
particles 32
Composite 2 Ethylene 825 30 Nitrogen  Nitrogen — —
particles 33
Composite 2 Ethylene 1000 30 Nitrogen  Nitrogen — —
particles 34
Composite 2 Ethylene 1100 30 Nitrogen  Nitrogen — —
particles 35
Composite 2 Ethylene 925 30  Nitrogen Nitrogen FIG.12 0.7% by weight
particles 11
Composite 2 Ethylene 925 30 Nitrogen  Nitrogen — —
particles 42
Composite 2 Ethylene 925 30 Nitrogen  Nitrogen — —
particles 43
[0099] In Table 3, for AEROSIL, AEROSIL 300 manufac- the re-CVD treatment, the catalyst precipitation step can be

tured by NIPPON AEROSIL CO., LTD. was used. AEROSIL
was added and mixed with the copper alloy powders A, C, E,
and F as the pretreatment of step 1-A when the composite
particles 11 to 15, 22 to 24, 32 to 35.42, and 43 were pro-
duced.

[0100] For the composite particles 3, the copper carbon
fiber spiny particles obtained in steps 1-A, 1-B, and 1-C were
further subjected to ball mill treatment and then subjected to
re-CVD treatment as shown in FIG. 2. As shown in FIG. 2, in

skipped, and therefore only step 2-A may be performed.
[0101] (3) Preparation of Pastes

[0102] Any of the composite particles obtained as
described above, a binder resin shown in the following Table
4 and Table 5, and BCA (butyl cellosolve acetate) or DPMA
(dipropylene glycol methyl ether acetate) as a solvent were
mixed at a ratio shown in the following Table 4 and Table 5.
This mixture was kneaded and dispersed to obtain each of the
electroconductive pastes of Examples and a Comparative
Example shown in Table 4 and Table 5.
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TABLE 4
Comp.
Ex. 1 Ex. 2 Ex.3 Ex.4 Ex.5 Ex.6 Ex. 1
Composite particles 2 100
Composite particles 3 100
Composite particles 4 100
Composite particles 5 100
Composite particles 6 100
Composite particles 7 100
Copper alloy powder A 100
Binder Epoxy resin 7 10 7 7 20 20 7
resin Imidazole curing agent 1.2 1.8 1.2 1.2 1.2 1.2 1.2
Solvent BCA 15 20 15 15 15 15 15
Electro- Electro- Electro-
conductivity conductivity conductivity
measurement measurement measurement
TABLE 5
Ex. 11 Ex. 12 Ex. 13 Ex. 14 Ex. 15 Ex. 11 Ex. 22 Ex. 23 Ex. 24
Standard Ethylene Ethylene Ethylene Ethylene Standard Co03.73% Fe3.53%  Fe0.88%
(ethylene 1 min 4 min 8 min 0.25min  (Co 1.0%) Co093%
2 min)
Composite particles 11 100
Composite particles 12 100
Composite particles 13 100
Composite particles 14 100
Composite particles 15 100
Composite particles 11 100
Composite particles 22 100
Composite particles 23 100
Composite particles 24 100
Composite particles 11
Composite particles 32
Composite particles 33
Composite particles 34
Composite particles 35
Composite particles 11
Copper alloy powder 42
Copper alloy powder 43
Binder Epoxy resin
resin Imidazole curing
agent
Phenolic resin 16 16 16 16 16 16 16 16 16
Solvent DPMA 15 15 15 15 15 15 15 15 15
Electro- Electro- Electro- Electro- Electro- Electro- Electro- Electro- Electro-
conduc- conduc- conduc- conduc- conduc- conduc- conduc- conduc- conduc-
tivity tivity tivity tivity tivity tivity tivity tivity tivity
measure- measure- measure- measure- measure- Ineasure- Imeasure- Imeasure-  mmeasure-
ment ment ment ment ment ment ment ment ment
Ex. 11 Ex. 32 Ex. 33 Ex. 34 Ex. 35 Ex. 11 Ex. 42 Ex. 43
Standard ~ 725°C. 825° C. 1000° C.  1100°C. Standard ~ AEROSIL AEROSIL
(925° C.  reheating reheating reheating reheating (AEROSIL 1.0% 0.1%
reheating) 0.25%)
Composite particles 11
Composite particles 12
Composite particles 13
Composite particles 14
Composite particles 15
Composite particles 11
Composite particles 22
Composite particles 23
Composite particles 24
Composite particles 11 100
Composite particles 32 100
Composite particles 33 100
Composite particles 34 100
Composite particles 35 100
Composite particles 11 100
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TABLE 5-continued

Copper alloy powder 42
Copper alloy powder 43

Binder Epoxy resin
resin Imidazole curing
agent
Phenolic resin 16 16
Solvent DPMA 15 15
Electro- Electro-
conduc- conduc-
tivity tivity
measure- measure-
ment ment

100
100
16 16 16 16 16 16
15 15 15 15 15 15
Electro- Electro- Electro- Electro- Electro- Electro-
conduc- conduc- conduc- conduc- conduc- conduc-
tivity tivity tivity tivity tivity tivity
measure- Imeasure- Ineasure- measure- measure- measure-
ment ment ment ment ment ment

[0103] As the epoxy resin in Table 4, a bisphenol A type
epoxy resin (manufactured by Japan Epoxy Resin, trade
name: EPIKOTE 828) was used. As the imidazole curing
agent, the trade name: 2P4MHZ manufactured by SHIKOKU
CHEMICALS CORPORATION was used. BCA is an abbre-
viation of butyl cellosolve acetate, and DPMA is an abbre-
viation of dipropylene glycol methyl ether acetate. As the
phenolic resin in Table 5, a known resol type phenolic resin
(manufactured by Gun Ei Chemical Industry Co., Ltd., trade
name: RESITOP PL-5208, phenol content 65%) used as the
resin binder of a usual electroconductive paste was used.
[0104] In Table 5 and FIG. 14 described later, Example 11
is redundantly described in order to make the comparison of
Examples 22 to 24, Examples 32 to 35, and Examples 42 and
43 with Example 11 easy, but the contents of Example 11
themselves are not changed.

[0105] (4) Evaluation

[0106] For each electroconductive paste obtained as
described above, electroconductivity was evaluated.

[0107] The specific resistance was measured by a low resis-
tance digital multimeter using four point probe resistivity
measurements after the electroconductive paste was applied
to an epoxy substrate to a width of 2 mm, a length of 100 mm,
and a thickness 0f 200 um and thermally cured for 30 minutes.
The specific resistance is obtained by specific resistance=Rx
S/L (Q-cm). R is the resistance value of the digital multimeter,
S is the cross-sectional area of the coating film comprising the
electroconductive paste, and L is the distance between the
electrodes. The thermal curing was performed at tempera-
tures of 120° C. and 170° C. for the epoxy resin and the
phenolic resin, respectively. The results are shown in FIG. 3.
As is clear from FIG. 3, it is seen that under both conditions
with and without compression, the electroconductive pastes
of Examples 1 and 2 have lower specific resistance than the
electroconductive paste of Comparative Example 1. In FIG. 3
and FIG. 14 described later, the specific resistance of a silver
bulk, a copper bulk, a carbon paste, and a silver paste is shown
together.

[0108] FIG. 14 is a diagram showing the results of specific
resistance measurement under conditions without compres-
sion. When Examples 11 to 15 in which the holding time in
step 1-C was changed were compared, good specific resis-
tance was obtained in Example 11: the amount of adhering
carbon 0.7% (ethylene gas 2 minutes). It is seen that in
Example 13: 1.5% (ethylene gas 4 minutes) and Example 14:
3.3% (ethylene gas 8 minutes) in which the amount of adher-
ing carbon increases, the specific resistance increases com-
pared with Example 11. The amount of adhering carbon in
Example 15 (ethylene gas 0.25 minute) in which the amount
of adhering carbon decreased was measured by weight

increase before and after CVD but was an amount equal to or
less than measurement variations. However, also for Example
15, it was confirmed that the color of the particles changed
from copper to blackish brown due to carbon adhesion, and
furthermore the adhesion of carbon was confirmed by mea-
surement by an Auger electron spectrometer.

[0109] When Example 11 and Examples 22 to 24 were
compared, good specific resistance was obtained in Example
11: the amount of cobalt in the alloy 1.0% by weight. When
compared with Example 11, the specific resistance increased
slightly in Example 24: an alloy of 0.88% by weight of cobalt
and 0.93% by weight of iron, and the specific resistance
increased greatly in Example 23: an alloy 0f3.73% by weight
ofiron.

[0110] When Example 11 and Examples 32 to 35 are com-
pared, it is seen that good specific resistance is obtained with
a reheating temperature of 825° C. or more in step 3-A.
[0111] When Example 11 and Examples 42 and 43 are
compared, it is seen that the specific resistance is not greatly
affected up to an amount of AEROSIL added of 1.0% by
weight.

[0112] Further, electron micrographs of the composite par-
ticles of Examples 1 to 6 and Example 11 obtained as
described above are shown in FIG. 4 to FIG. 10, FIG. 12, and
FIG. 13. As is clear from FIG. 4 to FIG. 10, FIG. 12, and F1G.
13, it is seen that the carbon fibers protruding grow from the
surface of the copper alloy powder, and the composite par-
ticles have a sea urchin-like shape as a whole.

1. A conductive filler comprising a copper alloy powder
comprising at least one transition metal belonging to group 8
to group 10 of the periodic table, and a carbon allotrope
covering a surface of the copper alloy powder.

2. The conductive filler according to claim 1, wherein the
copper alloy powder is flaky.

3. The conductive filler according to claim 1, wherein a
content of the transition metal in the copper alloy powder is
0.3 to0 6.0% by weight based on 100% by weight of the copper
alloy powder.

4. The conductive filler according to claim 1, wherein the
transition metal is iron or cobalt.

5. The conductive filler according to claim 4, wherein the
transition metal is cobalt.

6. The conductive filler according to claim 1, wherein the
carbon allotrope adheres to the surface of the copper alloy
powder in a range of greater than 0% by weight and 3% by
weight or less based on 100% by weight of the copper alloy
powder.

7. The conductive filler according to claim 1, wherein the
carbon allotrope is a carbon nanofiber.
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8. A conductive paste comprising the conductive filler
according to claim 1 and a binder resin.

9. The conductive paste according to claim 8, wherein the
binder resin is at least one resin selected from a group con-
sisting of an epoxy resin, a polyester resin, a urethane resin, a
phenolic resin, and an imide resin.

10. The conductive paste according to claim 8, comprising
10 to 35 parts by mass of the binder resin based on 100 parts
by mass of the conductive filler.

11. The conductive paste according to claim 8, wherein the
conductivity is electrical conductivity.

12. The conductive paste according to claim 8, wherein the
conductivity is thermal conductivity.

13. A method for producing the conductive filler according
to claim 1, comprising steps of:

providing a copper alloy powder comprising at least one

transition metal belonging to group 8 to group 10 of the
periodic table; and

contacting a carbon source with a surface of the copper

alloy powder to obtain a conductive filler.

14. The method for producing the conductive filler accord-
ing to claim 13, wherein the step of providing a copper alloy
powder is performed by an atomization method.

15. The method for producing the conductive filler accord-
ing to claim 13, wherein the step of contacting a carbon source
with a surface of the copper alloy powder to obtain a conduc-
tive filler is a step of performing treatment in order of CVD
treatment, flaking treatment, and re-CVD treatment to obtain
a conductive filler.
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16. The method for producing the conductive filler accord-
ing to claim 13, wherein the step of contacting a carbon source
with a surface of the copper alloy powder to obtain a conduc-
tive filler is a step of performing treatment in order of CVD
treatment and heat treatment to obtain a conductive filler.

17. The method for producing the conductive filler accord-
ing to claim 16, wherein the heat treatment is performed
under an inert gas atmosphere under a temperature atmo-
sphere of 750° C. to 1000° C.

18. The method for producing the conductive filler accord-
ing to claim 13, wherein the step of contacting a carbon source
with a surface of the copper alloy powder to obtain a conduc-
tive filler comprises a step of contacting the copper alloy
powder with a carbon-containing gas at 300° C. to 400° C.

19. The method for producing the conductive filler accord-
ing to claim 13, further comprising a step of adding and
mixing a sintering inhibitor before the step of contacting a
carbon source with a surface of the copper alloy powder to
obtain a conductive filler.

20. A method for producing a conductive paste, comprising
steps of:
producing a conductive filler by the method for producing,
the conductive filler according, to claim 13; and
mixing the conductive filler and a binder resin and then

kneading an obtained mixture to obtain a conductive
paste.



